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RECONNATSSANCE SNOW SURVEYS OF THE
NATIONAL PETROLEUM RESERVE IN ALASKA,
APRIL 1977 AND APRIL-MAY 1978

By Charles Sloan, Dennis Trabant, and William Glude

ABSTRACT

Reconnaissance snow surveys of the National Petroleum Reserve in
Alaska were made in April 1977 and April-May 1978 to ascertain general
snow charactersitcs and distribution patterns. Thirty-nine sites in
1977 and forty-one sites in 1978 were sampled to determine snow depth,
density, structure, and snow-soil interface temperature. In addition,
snow surface wind indicators were examined over most of the National
Petroleum Reserve in Alaska.

In April and early May of two consecutive years, the snow cover
in the National Petroleum Reserve in Alaska was thin, wind-packed, and
virtually continuous. The depth and water equivalent of the snow
generally increased with altitude and with distance from the coastal
plain. Snow depth on tundra ranged from less than 0.20 meters (m)
near the coast to more than 0.90 m in parts of the Brooks Range. Snow
density was relatively high in areas where wind slab was developed
throughout the snow pack, and lower where there was less wind slab.
In 1977, the coastal plain showed the greatest wind slab development
and higher densities, averaging 310 kilograms per cubic meter (kg/m?3)
on tundra, while the mountains and foothills had less wind slab and
lower densities, averaging 270 kg/m3. In 1978, with more local vari-
ation, snow density on the coastal plain averaged 330 kg/m3 on tundra
and averaged 310 kg/m3 in the mountains and foothills. Water eaquiv-
alent of the snowpack in 1977 ranged from less than 0.10 m in the
coastal areas to more than 0.25 m in the Brooks Range, and averaged
nearly 0.12 m on tundra for the entire area. Water equivalent of the
snowpack averaged more than 0.13 m in 1978.



Snow-s0il interface temperatures in 1977 ranged from about -20°C
on the coastal plain, where the snowpack was thin and ambient air
temperatures were low, to about -5°C in the mountains and foothills
where the snowpack was thicker and ambient air temperatures higher.

INTRODUCTION

The National Petroleum Reserve in Alaska (NPRA), on the Arctic
Slope between Point Barrow and the Brooks Range and generally west of
the Colville River (fig. 1), covers some 96,000 square kilometers
(km2). The Naval Petroleum Reserves Production Act of 1976 trans-
ferred jurisdiction of the Reserve from the Department of the Navy to
the Department of the Interior. Section 105(c) of the act directs the
Department of the Interior to conduct a study to determine resource
values and their best uses; section 105(b) calls for a study to be
made of the economic and environmental consequences of potential de-
velopment, production, transportation, and distribution of petroleum
from the reserve. Both 105(b), the Environmental Assessment, and
105(c), the Land Use Study, require basic information on the physical
environment including climate.

Climatic data in NPRA are available for only a few stations.
Wind, temperature, and precipitation data have been recorded at Barrow
since 1948 and at Umiat from 1948 to 1953. Only precipitation and
temperature data have been collected at Wainwright. Other stations
near the reserve where miscellaneous climatic data have been gathered
include Barter Island, Cape Lisburne, Point Lay, Oliktok, and Anaktu-
vuk Pass (Selkregg, 1975).

Recently, an attempt has been made to improve the catch effi-
ciency of precipitation gages in the area by installing a type of snow
fence on precipitation gages at Meade River and Barrow. These shield-
ed gages, commonly called Wyoming Precipitation Gages (fig. 2), have
been shown to have a catch which approaches the true precipitation.















In both years, the snow surface was examined from the air while
traveling between sample sites for indications of wind., Features
noted include cornices and drifts associated with topographic features
such as lake and stream banks, drifts associated with vehicle tracks,
drifts around clumps of vegetation, and linear snow textures such as
sastrugi, which are corrugated, wind-eroded snow surfaces. (See cover
photograph.) Drifts from snow machine tracks showed the greatest
directional consistency, apparently due to the symmetry and linearity
of the berms produced by the vehicles. Linear snow textures such as
sastrugi were consistent over large areas, but tended to indicate two
directly opposite wind directions rather than a single dominant wind
direction. Drifts along stream banks and drifts produced by vegeta-
tion were fairly reliable wind direction indicators, but were subject
to significant local wind effects.

Wind direction observations in 1978 were recorded on 1:250,000-
scale topographic maps, compiled and interpreted to produce the map
(page 26 ) accompanying this report.

RESULTS
Depth and Distribution of Snow Cover

The snow cover of the Brooks Range and Arctic Slope is best
characterized as thin and windblown but virtually continuous. The
amount of snowfall and the persistent winds are the dominant factors
that influence snow distribution. The snow surface is shaped by wind
erosion and snowdrift deposition. Snow on the coastal plain shows
particularly strong wind patterns, including sastrugi and numerous
other erosional and depositional irregularities. Ridges, lakes, river
beds, hillsides, and banks throughout NPRA commonly have areas blown
clear of snow. Winds may remove snow cover from surface irregulari-
ties such as tussocks and grasses.



Snow depths measured in 1977 on tundra are summarized in figure 4
and tables 1 and 3. Snow depths on tundra increased from north to
south, ranging from less than 0.20 m near the coast to more than 0.40
m in the southern coastal plain, then increased sharply in the foot-
hills and the Brooks Range to maximum depths of nearly 0.80 m. The
average depth measured on tundra was 0.41 m. Snow was deepest near
Liberator Lake, Howard Pass and at the western end of Lookout Ridge.
The deep snow measured at sample site 1 (fig. 4) is anomalous for the
location. It was probably the result of snow drifting downwind from
the Point Lay radar station less than one-half kilometer away; thus,
site 1 was not considered in contouring snow depth. Large areas of
thin snow cover occurred near Castle Mountain and in the headwaters of
the Utukok River. Significant snow-free areas included the ridges
near the headwaters of the Utukok and Kokolik Rivers and much of the
upper portion of the Killik River valley.

Snow depths measured in 1978 on tundra are summarized in figure 5
and tables 2 and 3. Snow was deeper in 1978 than in 1977, ranging
from just over 0.20 m near the coast to a maximum of more than 0.90 m
in the Brooks Range, and averaging 0.43 m. The greatest depths were
measured in the Brooks Range and in the foothills along the Colville
River. The high depth at site 38 (fig. 5), on the upper Kuna River,
may have been due to wind depostion on a broad lee slope. Snow-free
areas were noted in the Killik and upper Nigu River valleys, on south-
facing slopes in the Brooks Range, and on ridges in the upper Utukok
and Kokolik River areas. The overall snow depth pattern was much the
same as that from 1977, despite significant local differences.

Local wind effects complicate the general pattern of snow depth
distribution, particularly 1in the mountains and foothills where
ridges, hillsides and passes are commonly blown free of snow.
Therefore, a reliable correlation of measured snow depths to average
snow depths in these locations was not obtained.
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willow stand and over adjacent tundra or ice were compared, snow in
the willows was approximately twice as deep as that on the tundra or
ice. Tundra grasses also help hold winter snow from the wind. In the
spring, though, these emergent grasses may be important in increasing
the rate of snow ablation because of their greater heat absorption.
These grasses were estimated to pEotrude in less than 2 percent of the
tundra area with thin snow cover.

Snow Density

Snow density on tundra in 1977 averaged 290 kg/m3. It was rela-
tively high in the coastal zone where the snow cover was thin and wind
slab was well developed. Density decreased inland, where the snow had
less wind slab. Density was higher again in some localities in the
mountains where the snow was deep, due to settling and poorly devel-
oped depth hoar. Coastal plain snow densities on tundra averaged 310
kg/m3, and in the mountains and foothills, densities averaged 270
kg/m3,

Densities at the low end of the measurement range occurred in
tall willow stands, whereas high densities were measured in Tlarger
drifts (sites 19 and 2; table 1).

Average snow density in 1978 was higher than in 1977. The
average density on tundra was 320 kg/m3, with averages of 330 kg/m3
for the coastal plain and 310 kg/m3 for the mountains and foothills.
The difference between the coastal plain and the mountain and foothill
snow densities was not as great in 1977, and there was more local
variation, but the pattern of density distribution was much the same.

Water Equivalent

Average water equivalent is determined by multiplying average
snow depth by average density, the Tatter expressed as a percentage of
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an equivalent volume of water. The average water equivalent of snow
measured on tundra in NPRA was 0.12 m in 1977 and 0.14 m in 1978,

The water equivalent pattern measured in 1977 was similar to the
pattern for snow depth (figs. 4 and 8; tables 1 and 3). Water equiva-
lent ranged from less than 0.10 m near the coast to more than 0.25m
in the mountains. A zone of lower density and reduced snow depth in
the inland portion of the coastal plain was noted; a low water equiva-
lent of 0.04 m was measured over tundra on the middle reaches of the
Kokolik River (site 4). On the coastal plain, the water equivalent of
snow was more uniform than was the snow depth. Snow cover on the
coast was dense but thin, whereas snow cover inland was less dense,
but thicker; therefore measurements of water equivalent exhibited less
overall variation than measurements of snow depth. Water equivalent
averaged about 0.08 m in 1977 for the coastal plain and about 0.15m
for the mountains and foothills,

The 1978 water equivalent was generally higher (fig. 9; tables 2
and 3), particularly in the mountains and foothills. Coastal plain
water equivalents on tundra averaged about 0.10 m, and mountain and
foothill water equivalents averaged about 0.17 m. Despite significant
local differences as discussed in snow depth and density sections of
this report, the overall water equivalent pattern was much the same as
in 1977.

Snowpack Temperature

The snow-surface temperatures measured in 1977 averaged -8.2°C
and ranged from 0°C to -16°C. Surface temperature was closely related
to ambient air temperature and showed much variability. Snow-surface
and ambient air temperatures were highest near the Anaktuvuk River.
Snow-surface temperatures measured in 1978 were higher than in 1977,
averaging -6.8°C and ranging from approximately 0°C to -17°C.
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Temperatures at the snow-soil interface (basal snowpack temper-
atures) averaged -13.1°C on tundra in 1977. Basal temperatures were
lowest to the north and west, along the coast, and higher to the south
and east. The range over soil was from -20°C at Point Lay (site 1;
table 1) to -5°C near the Anaktuvuk River (site 38). On the coastal
plain the average was -15°C on tundra, and in the mountains and foot-
hills it averaged -10.6°C. Basal snowpack temperatures over ice were
measured at sites 2, 3, 4, 11, 18, 19, and 33. They averaged -7°C and
ranged from -18°C on the Kokolik River (site 3) to -2°C, also on the
Kokolik (site 4). Basal snowpack temperatures over ice seemed to
reflect the presence or absence of water below, being higher over
water and lower over solidly frozen Takes and streams.

In 1978, basal snowpack temperatures on tundra were higher,
averaging -10.4°C (tables 2 and 3). The coastal plain temperatures
averaged -12.6°C and in the mountains and foothills averaged -9.1°C.
The range was from -16°C at site 10 (Kogru) to 0°C at site 22 (Anak-
tuvuk Pass). No temperature measurements were made over ice in 1978,

Snow Structure

In April 1977, snow in coastal areas consisted of surface hoar
less than 0.01 m thick over approximately equal thicknesses of dense
wind slab and underlying depth hoar. Surface hoar is a deposit of
thin ice crystals formed as a result of radiational cooling of a sur-
face and 1is also known as hoar frost. Depth hoar is an increase in
grain size and an overall decrease in the strength of the ice skeleton
within the snowpack caused by temperature gradient induced water vapor
transfer, Farther inland, where snow was deeper and wind less active,
the wind slab was less prevalent and depth hoar did not develop to as
great a thickness. This was generally true in both the foothills and
the Brooks Range. However, thicker wind slab was present locally in
passes and other wind channels.
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In April-May 1978, the surface hoar in coastal areas was absent.
The snow consisted of sastrugi-surfaced wind slab over depth hoar. On
coastal plain tundra the snow consisted of 60.5 percent wind slab and
39.5 percent depth hoar by thickness, compared with an overall average
of 42.7 percent depth hoar (table 3). As in 1977, the wind slab was
generally less prevalent in the mountains and foothills than in the
coastal plain. The only mountain and foothill sample sites which had
sastrugi were site 21 (table 2), on a ridge north of Umiat, and site
24, in a broad basin south of Driftwood. Many localities in the
foothills had 0.01 to 0.02 m of large (up to 0.0l1-m diameter) undis-
turbed stellar crystals on the surface. In contrast to 1977, depth
hoar in 1978 was thicker in the mountains and foothills than on the
coastal plain. Depth hoar thickness was 45.2 percent of the mountain
and foothill snowpack (table 3).

Three distinct crusts were noted in the snowpack in 1978. A
middle crust was not always present, but an upper crust relatively
close to the surface and a Tower crust directly or not far above the
depth hoar were generally present. The crusts were usually coarse
granular snow, ice layers, or granular snow over an ice layer. In
some places, they appeared as zones of ice lenses or multiple thin
wind crusts.

The snow stratigraphy is significant as a record of winter
weather patterns and because it is the major factor which determines
mechanical properties and stability of the snow. Accurate interpre-
tation of snow stratigraphy, however, would require more detailed
studies. Correlations of snow layers between sites were much more
tenuous in the highly wind-affected coastal plain snowpack than in the
mountains and foothills.
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Wind Indicators

Due to the dominance of wind as a factor affecting both distrib-
ution and structure of snow on the Arctic Slope, wind indicators on
the snow surface were noted in 1977 and re-examined in 1978, The
patterns for both years were grossly similar, though many northwest-
southeast marks were visible in 1977 that did not appear in 1978, A
map (fig. 10) was compiled from the 1978 results.

The northeasterly to east-northeasterly prevailing wind on the
coastal plain showed up well in snow-surface patterns, as did the
opposing southwesterly to west-southwesterly storm wind. (See Benson,
1969, and Benson and others, 1975, for discussion of wind effects on
Arctic Slope snow cover.) Both winds were deflected along the moun-
tains and foothills to form an east-west flow. The storm wind indica-
tors were far less apparent in most areas than those of the prevailing
wind.

There was a strong wind flow from the south over the Brooks
Range, particularly in the broad valleys and rolling mountains between
Howard Pass and the eastern end of the Delong Mountains. Southerly
wind indicators from this area were evident in the foothills north of
the Colville River. In the rugged mountains east of Howard Pass,
southerly winds were channeled by the Nigu and Killik River valleys,
resulting in thin snow cover. The thin snow appeared to be due both
to wind erosion and transport of snow and to warm (chinook) winds. In
early May 1978, the upper Nigu and Killik valleys were mostly snow-
free.

Since snow-surface wind indicators are produced by wind transport
of snow, their development depends on wind duration, as well as wind
speed. Therefore, the wind indicators are an index of wind intensity.
The corrugated surface of the coastal plain, with its well-developed
sastrugi and drifts, is considered to indicate a high wind intensity.
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